Background: Chronic periodontitis is an inflammatory disease of the supporting structures of the tooth. One of the important non-oral risk factors for periodontitis is psychosocial stress and depression. Depression affects oral health by affecting the immune system through its effects on hypothalamic pituitary axis system. Periodontal inflammatory surface area (PISA) is a system used to assess inflammatory burden in the periodontal tissue. Aim: The aim of this study is to assess the relationship between PISA and depression. Settings and Design: The design of the study is case-control study. Materials and Methods: The study design is a case-control study with forty patients each in case and control groups. The periodontal inflammatory level was assessed by PISA system and the levels of depression was assessed by using Beck's Depression Inventory (BDI). Statistical Analysis: Student's t-test was used to compare PISA and BDI scores. The BDI score (mean ± standard deviation [SD]) for controls was 12.75 ± 6.82 compared to 22.73 ± 4.40 for the cases. The comparison (t = 7.78) was statistically significant at P < 0.0001. The PISA score (mean ± SD) for controls was 210.47 ± 76.80 compared to the PISA score of 1069.50 ± 204.21 for cases which was statistically significant (t = 24.90; P < 0.0001). Results: Significantly higher BDI scores were observed in patients with chronic periodontitis than healthy controls. Conclusion: This study clearly reveals a significant association between the severity of depression and inflammatory burden.
Introduction
Chronic periodontitis is a chronic inflammatory disease of infectious etiology caused by putative periodontal pathogens affecting the attachment apparatus of the tooth leading to attachment loss and eventually tooth loss. [1] However, studies have shown that bacterial infection alone is not sufficient to cause damage of periodontium. [2] The development of periodontitis and rate of development of disease vary between patients due to variation in host response. Genetics, obesity, diabetes mellitus, osteoporosis, and psychosocial factors are various nonoral risk factors causal to the progression of chronic periodontitits. [2] Psychosocial factors include depression and depressive symptoms, psychosocial stress, and traumatic life events. One among the important psychosocial factors is depressive disorders commonly called as clinical depression. Depression will be the second leading
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Original Article illness in the world by 2020 as projected by the World Health Organization. [3] One of the proposed mechanisms that associates psychological factors to periodontitis is negligent oral hygiene habits. It is based on the idea where depressed patients neglect oral hygiene and regular dental checkup due to lack of interest. [4] However, another important mechanism by which depression contributes to periodontal disease progression is by altering host immune response. The various mechanisms proposed to cause action of depression on host immune response includes hypothalamic-pituitary-adrenal axis, pro-inflammatory cytokines (interleukin-6), corticotrophin releasing hormone, natural killer cell activity, and C-reactive protein levels. [5] Periodontal inflammatory surface area (PISA) is a classification to assess the inflammatory burden in the inflamed periodontal tissue. [6] PISA is calculated based on clinical measurements of clinical attachment loss (CAL), gingival recession, and bleeding on probing (BOP) from six sites per tooth. The recorded values are entered onto a spreadsheet. [6] The spreadsheet yields the periodontal epithelial surface area and PISA values in mm 2 . The PISA score is depicted as surface area of bleeding pocket epithelium in mm 2 . It should be noted PISA scores is directly proportional to the amount of inflammation. There are various screening tools to assess depressive symptoms and to evaluate levels of depression. Beck's depression inventory (BDI) is self-reported scale and widely used because of it is inexpensive, simple, and understandable. [7] 
Aim
The aim of the present study was to assess the role of depression in inflammatory periodontal disease.
Materials and Methods
The study is a case-control study. It was approved by the Institutional Ethics Committee of Sri Ramachandra University, and informed consent was obtained from all the participants. Forty patients (aged between 25 and 55 years) each in case and control groups were included in the study [ Table 1 ]. The cases and controls were taken from the Department of Periodontology, Sri Ramachandra University, Porur, Chennai. The cases and controls were matched based on demographic variables such as age, socioeconomic status, and systemic health. All the participants were systemically healthy and nonsmokers. The cases had to satisfy the American Academy of Periodontology criteria for periodontitis. [8] Control participants were selected in such a way that the CAL and probing depth (PD) was not more than 3 mm. CAL, PD, and BOP was measured at six sites per tooth for all the patients. Chronic periodontitis is characterized by inflammation of gingiva extending into the attachment apparatus of the tooth. The diagnosis and extent of destruction of attachment apparatus around the tooth is measured by means of BOP, CAL, and PD with the help of a periodontal probe. BOP signifies the bleeding in an inflamed area around the tooth when probed. CAL and PD signifies the amount, extent, and severity of destruction of supporting structures of a tooth [8] when the PISA score was calculated based on the above measured values and with a spreadsheet obtained from www.parsprototo.info. [6] BDI scores were obtained from each participant by means of BDI, which is a self-reported questionnaire consisting of 21 questions. The questionnaire (BDI-II) was self-assessed by the participant. The score for each participant was arrived at by summing up the scores based on the response for each of the questions. One of the authors (SS) was trained to assessing depressive symptoms. The participants who were positive for depression were referred to the Department of Psychiatry, Sri Ramachandra University, Porur, Chennai. The cut-off score considered for depression was from a score of 17. The scores were interpreted and tabulated.
Statistical analysis
The statistical analysis was performed by means of SPSS software (Version 17.0 under windows 2000, SPSS Inc., Chicago, IL, USA). Student's t-test was used to determine the relationship between PISA and depression and the results were tabulated in Table 2 .
Results
The mean PISA score for controls was 210.47 ± 76.80 compared to the mean PISA score of 1069.50 ± 204.21 for cases which was statistically significant at P < 0.0001. The mean BDI score for controls was 12.75 ± 6.82 compared to the mean BDI score of 22.73 ± 4.40 which was statistically significant at P < 0.0001. The t value for PISA score was 24.90 and t value for BDI score was 7.78. In our study, it was found out that more the BDI score, more pronounced was the PISA score (inflammatory burden) [ Table 2 ].
Discussion
Chronic periodontitis has many risk factors. Out of which depression and stress also play an important role. The association between depression and chronic periodontitis is inconclusive inspite of numerous studies. Most of these studies have measured oral hygiene scores, PD or CAL which have interexaminer variability. Moreover, these studies have not measured inflammatory burden. To our knowledge this is the first study which measures inflammatory burden in periodontal tissue to study the relationship between depression and chronic periodontitis. PISA quantifies the inflammatory burden which has better reliability. There are several depression level measuring scales such as self-reported and observer rating scales.
Observer rating system has the disadvantage of taking observer's experience into consideration. [9] Out of this, Beck's depression scale is self-reported and it was chosen for the study because it is simple, understandable and economical. Among the 40 cases, the average BDI score was 22.73 ± 4.40 and the corresponding PISA value was 1069.50 ± 204.21, which indicated the role of depression in chronic periodontitis. Thus, in the present study the cases have demonstrated an increased inflammatory burden which correlated with the increased BDI scores in these participants. Periodontitis is a chronic inflammatory disease and the biological plausibility linking it to various systemic diseases is based on the inflammatory burden caused by periodontitis and vice versa. The term quantifies the amount of inflammation and its systemic effects. This correlation can be attributed to the various mechanistic pathways which bring about changes in the immune system. It has been studied that depression enhances production of inflammatory cytokines notably interleukin-6 and C-reactive protein levels. [10, 11] Interleukin-6 is a potent inducer of corticotrophin releasing hormone leading to increased adrenocorticotropic hormone and eventually increased cortisol levels. There is a derangement in the hypothalamic-pituitary-adrenal axis. All these mechanistic pathways culminate in the increased inflammatory response in the host.
The results of our study are in agreement with previous studies which reveal a more exaggerated course of periodontitis in depressed patients. [12] Belting and Gupta, 1961 reported compromised periodontal status in patients with psychiatric illness when compared with controls. [13] BDI has been used as a tool to show that periodontal patients had a considerably higher total BDI score than normal controls. [14] However the limitations of the present study are the small sample size and only depression was taken into account and not other psychiatric conditions. There could be many causes of depression in the sample, which could not be ascertained in this present study. [15] Other limitation of the study is that it is a single center experience in a urban setting which may limit the generalizability.
Conclusion
The observations made in the present study clearly demonstrate the role of depression in the etiology and progression of inflammatory periodontal disease.
The above study emphasizes that the relationship between chronic periodontitis and depression is more biological than psychological or social. There are immune-based mechanistic pathways involving hypothalamic-pituitary-adrenal axis and cortisol production which will interfere with neutrophil and immunoglobulin function leading to an increased microbial invasion along with increased inflammation. [16] Oral health neglect and decreased preventive measures by depressed patients also adds up as a causative factor. [16] The positive associative studies have been found to be more compared to negative associative studies in a systematic review. [16] This study demonstrates the role of depression in the etiology and progression of inflammatory periodontal disease. The mechanistic links between these two entities needs more research and understanding at various levels.
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